N-methyl-D-aspartate receptor subunit NR3A in the retina: developmental expression, cellular localization, and functional aspects.
Recently, a novel N-methyl-D-aspartate receptor (NMDAR) subunit, NR3A, has been discovered in the brain and shown to decrease NMDAR activity by modulating the calcium permeability of the receptor channel. The insertion of NR3A within the NMDAR complex may thus alter NMDAR properties and play a crucial role during processes of neuronal development and degeneration. The present study is the first to investigate the expression and cellular localization of NR3A on the protein level in the retina and to elucidate its putative functional roles within the retinal circuitry. The expression of NR3A in the retina was analyzed by reverse transcription-polymerase chain reaction (RT-PCR), immunohistochemistry, and Western blot analysis. Functional aspects of NR3A in the retina were addressed by measuring the NMDA-induced increase in intracellular calcium, [Ca(2+)](i), in retinal cells prepared from wild-type (NR3A(+/+)) and NR3A knockout (NR3A(+/-), and NR3A(-/-)) mice. NR3A protein expression was initially observed in the first postnatal week and was predominantly localized to cell bodies in the ganglion cell layer. In older animals, two bands of NR3A immunoreactivity were additionally observed in the inner plexiform layer. NMDA-evoked [Ca(2+)](i) responses were found to be significantly greater in retinal cells in NR3A(-/-) mice than in wild-type retinas. The data indicate that NR3A is specifically expressed in the inner retina and may modulate NMDAR-mediated calcium influx and thus [Ca(2+)](i) levels in retinal ganglion cells and amacrine cells.